A total of 600 pigs (Exp. 1, n=250, PIC 327 × 1050; Exp. 2, n=350, DNA Line 200 × 400 with an initial BW of 15.6 ± 0.1 and 14.3 ± 0.2, respectively) were used in two 14-d experiments to determine the effects of fish meal source on nursery pig performance. Each experiment had 10 pens per treatment and five pigs per pen. In Exp. 1, pigs were allotted to pens at weaning (d 0) and were fed a common starter diet for 5 d. On d 5, pens of pigs were allotted by BW to experimental diets that were corn and soybean meal-based and contained 10% dried whey. Dietary treatments included a corn and soybean meal-based diet, a diet containing 8.3% HP 300 (Hamlet Protein, Findlay, OH), or diets containing 6% fish meal from one of three sources (IPC 790 Fish Meal, The Scoular Company, Minneapolis, MN; Special Select Menhaden Fish Meal, Omega Proteins, Houston, TX; and Daybrook LT Prime Menhaden Fish Meal, Daybrook Fisheries, Morristown, NJ). The Special Select Menhaden fish meal was from the 2014 catch year, while the LT Prime and IPC 790 were from the 2015 catch year. Samples of each fish meal source were analyzed for total volatile N (New Jersey Feed Laboratories, Inc., Trenton, NJ); a measure of fish meal quality or freshness. All samples of fish meal contained less than 0.15% total volatile N indicating high quality. Results from Exp. 1 indicated that there were no differences observed in ADG or ADFI between any of the treatments. However, pigs fed IPC 790 fish meal had poorer F/G from d 7 to 14 (P < 0.049) and overall (P < 0.009) compared to pigs fed all other treatments.
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In Exp. 2, pigs were allotted to pens at weaning (d 0) and were fed a common starter diet for 7 d and then pens were allotted by BW to experimental diets. Fish meal sources were the same as in Exp. 1, except they were all from the 2014 catch year. Dietary treatments included the same corn and soybean meal-based diet and diets with 6% fish meal from Exp. 1. In addition, diets with 3% fish meal were included. From d 0 to 14, a fish meal source × level interaction was observed for ADG and F/G. Pigs fed increasing IPC
Introduction
At weaning, pigs undergo many physiological and environmental changes that significantly impact the function and structure of the gastrointestinal tract. Consequently, when these stressors become too great for the newly weaned pig to overcome, feed intake is significantly reduced leading to sub-optimal performance (Pluske et al., 1997 4 ). Thus to encourage feed intake, highly palatable and nutrient dense protein sources are commonly added to nursery diets.
One protein source that has been widely used in commercial nursery diets is fish meal. Fish meal is a protein source that is commonly used to stimulate feed intake and is highly digestible. However, the quality of fish meal used in the swine industry may vary considerably based on the catch year, storage duration, and species of fish. Due to these underlying constraints, growth response of pigs can vary significantly. Therefore, the objective of this study was to determine the effects of different fish meal sources on nursery pig performance.
Procedures
The Kansas State University Institutional Animal Care and Use Committee approved the protocols used in these experiments. The studies were conducted at the K-State Swine Teaching and Research Center and the K-State Segregated Early Weaning facilities. Two 14 d experiments were conducted and each experiment had 10 pens per treatment and 5 pigs per pen. Pigs were fed corn and soybean meal-based diets with 10% spraydried whey.
For Exp. 1, a total of 250 mixed sex pigs (PIC 327 × 1050; initial BW 15.6 ± 0.1 lb) were weaned at 21 d of age, randomly allotted to pens, and fed a common starter diet for five days. Each pen had metal tri-bar flooring and was equipped with a 3-hole stainless steel feeder and one nipple waterer for ad libitum access to feed and water. Pens were 4 × 5 ft to allow 4 ft 2 per pig. Pigs were fed a common starter diet for 5 d then allotted by BW to 1 of 5 dietary treatments. Dietary treatments included a corn-soybean meal-based diet, a diet containing 8.3% HP 300 (Hamlet Protein, Findlay, OH), and diets that included 6% fish meal from one of three sources (Special Select Menhaden Fish Meal, Omega Proteins, Houston, TX; Daybrook LT Prime Menhaden Fish Meal, Daybrook Fisheries, Morristown, NJ; and IPC 790 Fish Meal, The Scoular Company, Minneapolis, MN; Table 1 ). The Special Select Menhaden fish meal was from the 2014 catch year, while the LT Prime and IPC 790 were from the 2015 catch year. Diets were formulated such that 6% fish meal provided the same amount of standardized ileal digestible (SID) lysine as 8.3% HP 300. Calculated amino acid values (NRC 2012 5 ) and SID coefficients were used in diet formulation for the 3 fish meal sources, while nutrient values for the HP 300 were provided by the manufacturer.
In Exp. 2, a total of 350 barrows (DNA Line 200 × 400; initial BW 14.3 ± 0.2 lb) were randomly allotted to pens and fed a common starter diet for 7 d. Each pen had metal tri-bar flooring and was equipped with a 3-hole stainless steel feeder and one cup waterer for ad libitum access to feed and water. Pens were 3.9 × 4.0 ft to allow approximately 3 ft 2 per pig. On d 7 post-weaning, pigs were allotted by BW to experimental diets. All sources of fish meal used in this experiment were from the 2014 catch year, but different batches than used in Exp. 1. Dietary treatments included the same corn and soybean meal-based diet and diets with 6% fish meal from Exp. 1. In addition, diets with 3% fish meal were also included ( Table 2 ).
Samples of the HP 300 and fish meal sources were collected at the feed mill as diets were manufactured. Complete diet samples were obtained from feeders, composited, and stored at -4°F for subsequent analysis. Composite samples of protein sources and diets were analyzed for DM, CP, Ca, P, and ether extract (Ward Laboratory, Kearney, NE). In addition, fish meal sources were analyzed for amino acids (University of Missouri-Columbia College of Agriculture Experiment Station Chemical Laboratories) along with a modified Torry digestibility and total volatile N analysis (New Jersey Feed Laboratories, Inc., Trenton, NJ). Both of these tests are designed as an indicator of protein quality or freshness of fish meal. The modified Torry digestibility is calculated as portion of the acid insoluble N that is soluble in acid pepsin solution 6 . The total volatile N measures free N, which is an indication of volatilization of crude protein.
Pigs and feeders were weighed on d 0, 7, and 14 after weaning to determine ADG, ADFI, and F/G. Data were analyzed using the PROC GLIMMIX procedure in SAS (SAS Institute, Inc., Cary, NC) with pen as the experimental unit and dietary treatments as the fixed effect. The main effects of source and level, as well as their interactions were tested. A P-value ≤ 0.05 was considered significant and 0.05 < P ≤ 0.10 was considered a trend.
Results and Discussion
Chemical analysis of fish meal sources used in Exp. 1 and 2 indicated that they were high quality as indicated by the total volatile N concentration (Table 3 and 4) 7 . Total volatile N was similar among the fish meal sources and a value less than 0.15% indicates very fresh fish meal 6 . The Special Select Menhaden fish meal had the lowest modified Torry digestibility value relative to IPC 790 or LT Prime Menhaden fish meal. The Special Select fish meal used in Exp. 1 and 2 contained less CP and Lys than the other sources with the largest difference from the calculated values used in formulation being observed in Exp. 1 compared with Exp. 2 (Table 5 and 7).
In Exp. 1, there were no differences between any treatments regardless of HP 300 or fish meal sources for ADG or ADFI (Table 6 ). However, pigs fed IPC 790 fish meal had poorer F/G from d 7 to 14 (P < 0.049) and overall (P < 0.009) compared to pigs fed diets with other protein sources.
In Exp. 2, there was a tendency (P < 0.093) for a source × level interaction for ADG from d 0 to 7 (Table 8) . This was the result of pigs fed IPC 790 having a linear improvement in ADG; however, pigs fed Special Select fish meal had an improvement in ADG up to the 3% inclusion after which ADG decreased. Pigs fed LT Prime had no change in ADG beyond the 3% addition.
From d 7 to 14, a tendency (P < 0.084) for a source × level interaction was detected for ADG and was the result of no change in ADG observed when pigs were fed increasing levels of IPC 790 or LT Prime; however, pigs fed the highest level of Special Select fish meal had poorer performance compared to lower inclusion levels. While there was no significant treatment effect observed on ADFI, pigs fed LT Prime had a tendency (P < 0.080) for improved F/G compared to pigs fed Special Select with those fed IPC 790 intermediate.
Overall (d 0 to 14) a source × level interaction was observed for ADG (P < 0.009) similar to that observed from d 0 to 7. This observation is noted as the result of pigs fed increasing IPC 790 having a linear improvement in ADG with pigs fed Special Select fish meal having increased ADG with the 3% inclusion but then decreased ADG with the 6% inclusion. Pigs fed LT Prime fish meal had no change in ADG beyond the 3% addition. While no difference in ADFI was observed between treatments, there was a tendency (P < 0.066) for a source × level interaction for F/G. This was a result of F/G linearly improving as IPC 790 increased, but for pigs fed either Special Select or LT Prime fish meal sources, there was no further improvement in F/G beyond the 3% addition.
In conclusion, based on the total volatile N analyses, all fish meal sources were relatively fresh with high protein quality. In Exp. 2, adding 3% of any fish meal source improved ADG; however only pigs fed IPC 790 had a further improvement in ADG and F/G when 6% was fed. Traditional measures of fish meal quality (total volatile N and Modified Torry digestibility) did not explain the differences in performance found with the fish meal sources in this study. 
